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    方法：16 周的成年雄性自发性高血压大鼠（Spontaneously Hypertension Rats，
SHR）随机分为对照组（生理盐水;iV，N = 8）及胆红素治疗组（BIL，18.6mg.Kg 
1.day-1，iV，N = 10），分别在输注前及输注 2 周后通过尾袖带压力分析仪测量各
组大鼠收缩压（ Systolic Blood Pressure,SBP ）、舒张压（ Diastolic Blood 
Pressure,DBP）、平均压（Mean Blood Pressure,MBP）及心率（Heart Rate，HR），
输注两周后分离大鼠血浆和主动脉。血浆检测胆红素浓度、谷草转氨酶（Aspartate 
Aminotransferase，AST）、谷丙转氨酶（Alanine Aminotransfera，ALT）、总抗
氧化能力（Total Antioxidative Capacity，T-AOC）、微量丙二醛（Maleic Dialdehyde，
MDA）、超氧化物歧化酶（Superoxida Dismutase，SOD）、一氧化氮（Nitric Oxide 
NO）、一氧化碳（Carbon Monoxide，CO）等；蛋白免疫印迹法（Weatern Blotting，
WB）用于分析对主动脉诱导型一氧化氮合成酶（Inducible Nitric Oxide Synthase 
iNOS）、内皮型一氧化氮合成酶（Endothelial Nitric Oxide Synthase，eNOS）、
GAPDH 蛋白表达的影响；免疫荧光方法用于分析两组大鼠主动脉上 iNOS、eNOS
荧光密度；通过共聚焦显像用于分析由 ROS 荧光探针 -二氢乙啶染色
（Dihydroethidium，DHE）的主动脉从而反映血管的氧化应激水平。 















红素组 SHR 的 SBP 明显降低（P < 0.01），而对 DBP、MBP 及 HR 无明显影响（P
＞0.05）。反映血浆抗氧化能力的 T-AOC 及 SOD 亦有所增加（P < 0.05），这与在
共聚焦下显示由 DHE 染色的主动脉的图像相一致。此外，升高血浆胆红素可增
强血浆一氧化氮水平（P < 0.05），，但对 CO 的水平并没有影响（P＞0.05）。重
要的是，升高的 NO 浓度可增强一氧化氮合成酶的表达，通过血管内免疫印迹和
免疫荧光分析方法显示，与 eNOS 相比，iNOS 的表达增加的更明显（P < 0.01）。 
结论：升高血浆胆红素浓度可降低血压，这种降压机制可能是通过减少血管

















Background：Hypertension is a common disease seriously harming human 
health，interaction is a variety of mechanisms of disease，oxidative stress plays an 
important role in it development. 
Bilirubin is a heme metabolite by heme oxygenase (HO) and biliverdin reductase, 
has antioxidative capacity under physiological conditions. It recently has emerged as 
an important protective molecule in the cardiovascular system both in epidemiological 
studies and animal models. Epidemiology investigation shows high bilirubin is 
negative correlated to the incidence of hypertension. In Ang II dependent hupertensive 
mice, infusion of bilirubin could improve plasma bilirubin, thus decerese blood 
pressure. But to spantously hypertensive rat，there is no related reports. 
Purpose：Infusion bilirubin to improve spontaneously hypertensive rats plasma 
bilirubin, to evaluated the effects of elevated bilirubin on the development of 
hypertension. 
Methods：16-week-old adult male spontaneously hypertensive rats (SHR) were 
randomly divided into control group (saline; iv; n=8) and bilirubin–treated 
(18.6mg.Kg-1.day-1 ;iv; n=10)group, all rats were infusion for 2 weeks, tail-cuff 
pressure analyzer was used to test blood pressure before and after infusion, the rats 
were sacrificed after last blood pressure measurement, plasma and tissue isolated and 
analyzed. Plasma was used to test bilirubin、liver emazy、T-AOC、MDA、SOD、
NO、CO；Western blotting used to test aortia iNOS、eNOS、GAPDH expression； 
Immunofluorescence to analyze iNOS、eNOS expression；Confocal images showing 
oxidative stress as determined by dihydroethidium. 
Results：In the rats treated with bilirubin, noticeable elevate plasma total 
bilirubin（P < 0.05）, whereas the response to liver enzymes was unaffected（P＞0.05）. 
at the same time, showed an significantly reduced in systolic blood pressure（P < 














 Plasma antioxidative status was also increased（P < 0.05）, which was in line with 
Confocal images of aortas showing the attenuation of vascular oxidative stress（P < 
0.05）. In addition, elevated plasma bilirubin obviously enhanced plasma NO levels（P 
< 0.05），but not improve CO levels（P＞0.05）, importantly, rised NO concentration 
was associated with enhanced nitric oxide synthetase expression, the enhancement of 
expression was more obvious in inducible nitric oxide synthase (iNOS) （P < 0.05） 
than endothelial nitric oxide synthase(eNOS) that measured by western blotting 
analysis and immunofluorescence in aortas. 
Conclusion: These results demonstrated that elevated plasma of bilirubin 
concentration could decrease blood pressure, may via decreases in vascular oxidative 
stress and increases in inducible nitric oxide synthase expression. 
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  原发性高血压(essential hypertension,EH)是以血压升高为主要临床表现，病因
不明，伴或不伴多种心血管危险因素的综合征，占总高血压患者的 95%以上。  
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1.1.3 危害 











    三、高血压性心脏病 
    动脉压持续性升高，增加心脏负担，形成代偿性左心肥厚。高血压患者并发
左心室肥厚时，即形成高血压性心脏病。该病最终导致心力衰竭。 
    四、冠心病 
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需要。而当细胞暴露于高浓度 O2 分子或 O2 的化学衍生物，或在一些有害的刺激
包括高脂、高糖等饮食，使线粒体电子传递超载，内质网应激时，机体或细胞内
氧自由基的产生和抗氧化防御之间严重失衡，导致组织损伤。分子外圈有不成对












导的高血压以及先兆子痫等患者均存在着氧化应激增强，ROS 生成增加[4]。  
以上的动物模型及流行病学调查研究中可得出，随着 ROS 的生成增加,血压


























NO 合成或利用度减少， NOS 转为产生超氧阴离子自由基 O-2，造成氧化应
激增加。在一些病理状态下，由于线粒体电子传递错误，超氧阴离子自由基 O-2









活血管扩张因 NO[10]耗竭 NOS 合成的重要辅因子四氢叶酸，造成 NOS 合成的减
少，使 NO 合成减少[11]，可能损伤内皮依赖性血管扩张,并增加了血管的收缩性。 
                       图 1-1  氧化应激与高血压 
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